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The LIGO Science Education Center in
Livingston, Louisiana.

Joe Giaime
Observatory Head, LIGO Livingston (Caltech)
Assoc. Prof., Physics & Astro. (LSU)



LIGO Partnership formed

Began by first LLO site head, Mark Coles, with early
involvement by Steve McGuire at SUBR

SUBR » Cutting-edge Scientific
research laboratory /
Observatory.

* Local research university
with Education college and
LIGO science

collaboration membership.
LaSIP/La GEAR UP

« State education agency.

Exploratorium

 Informal learning center,
with long and broad
experience.



LIGO The partners + 1

« Southern University, Baton Rouge

» Laser Interferometer Gravitational-wave Observatory,
Livingston, Louisiana.

* Louisiana Gaining Early Awareness and Readiness for
Undergraduate Program / Louisiana Systemic Initiatives
Program

« San Francisco Exploratorium

« Baton Rouge Area Foundation



LlGO @; Local Educational Outreach Partnership

Southern University at Baton
Rouge (SUBR)

“*SUBR Is a comprehensive institution offering four-year, graduate, professional, and
doctoral degree programs. The University is part of the only historically black Land
Grant university (HBCU) system in the United States.”

Founded: 1880

Accreditation:  Fully accredited by the Southern Association of Colleges and
Schools (SACS).

Enrolliment: An average of 8,000 students at SUBR each year.

Programs: Bachelor’s in 42 areas, 20 master'’s,

5 doctoral and 3 associate degrees.
No. of Faculty: 570

No. of Colleges 7




Southern University

College of Education

College of Sciences
e Dept of Physics
e Dept of Mathematics

= A Leading producer of
teachers in LA

e Course Redesign
e E-Learning

* Pre-service Teacher training

* Docent training
e Student Field Trips




o State K-16+
educational
reform agency

e School
connections

e Teacher
Professional
Development

ouisiana Gaining Early Awareness and Readiness

LA GEAR UP

for Undergraduate Programs

Union
Farmerville Junior High
Bernice High
Downsville High
Marion High
Spearsville High

Red River Junior High

7 Morehouse
Delta Junior High
Morehouse Junior High

DeSoto
Logansport High
Mansfield Middle
Pelican All Saints High
Stanley High

North DeSoto Middle

Richland
Holly Ridge Elementary
Mangham Junior High
Rayville Junior High
Start Elementary

Orleans RSD
Joseph A. Craig School

Benjamin Banneker Elementary
John Dibert Elementary

Charles R. Drew Elementary

Paul B. Habans Elementary

Murray Henderson Elementary
James W. Johnson Elementary
Laurel Elementary

Live Oaks Creative Arts Elementary
Agnes L. Bauduit Elementary
Albert Wicker Literacy Academy
East Carver Elementary

Baton Rouge J H.c. schaumburg Elementary

Glen Oaks Middle Mary D. Coghill Elementary

McKinley Middle Gentilly Terrace Elementary
Southeast Middle

Broadmoor Middle

Sabine
Many Junior High
Converse High
Negreet High
Pleasant Hill High
Zwolle Elementa
Zwolle High
Florien High

East Feliciana

Avoyelles Clinton Middle

Mansura Middle
Bunkie Middle
Marksville Middle

Iberville
Crescent Elementary

Iberville Math, Science, & Arts Academy
East Iberville

Sophie B. Wright Institute of
Academic Excellence
Julian Leadership Academy

North Iberville Edward Livingston School
White Castle High
Plaquemine High - /’

Iberia
Anderson Middle
Jeanerette Middle
Delcambre High

St. John the Baptist
Fifth Ward Elementary

Garyville/Mt. Airy Magnet
MlLaPlace Elementary
John L. Ory Magnet
West St. John Elementary

.

LA GEAR UP!




Exploratorium

LIGO-G0/70246-00-M

=« The Exploratorium is a museum of Science, Art, and Human
Perception. Founded by Frank Oppenheimer in 1969.

* The Exploratorium Teacher Institute provides science and
mathematics content-rich workshops to high school and
middle school science teachers, and to professional
development specialists.

Teaching & Learning
Institute for :z
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LIGO

* Shared goal of partnership members.

» Children of all ages benefit from direct
acquisition of natural-world knowledge.

» We can use it directly, as in the art of pouring liquid without
spilling it, in cooking without poisoning, in sports without
injury, in carpentry without collapse, and in almost every
human endeavor that involves getting up.

» Yet, students perennially lack the targeted experiences, or

the careful appreciation of them, that would help them to
acquire physical intuition for basic science curricula.

Informal & Inquiry-

based learning

Sierra = “XVII-15-1X”
or Sierra = the feel, smell, and sight of the fish

The oneness of these two might take its contribution from koth. For
::n;H|11|_:||_': the Mexican s has “XV1 =155 SPINEs 1IN the dorsal fin
These can easily be counted. But if the sierra strikes hard on the line so
that our hands are bumed, of the fish sounds and nearly escapes and
finally comes in over the mil, his colors pulsing and his tail beating the
air, a whole mew relational externality has come into being —an entih
which is sore than the sum of the fish plus the fisherman. The only
way fo count the spines of the siera unaffected by this second rels-
lional reality 15 to sit in a laboratory, open an evilsmelling jar, remove @
stiff coborless fish from formalin solution, count the spines, and wrile
the truth “TY XVI-i5-I%7 There vou have recorded a reality which
canmed be assailed —probably the least important reality concerming
either the fish or vourself,

It i E_"_I:I{h;]_ bin k1:|r_|-'|l. what vou are |:|-||i1|}__;. The man wath his ]:li-:.'IiIL'd fish
has set down one roth and has recorded in his experience many hies. The
fish is not that color, that texture, that dead, nor does be smell that way,

Such things we had considered in the months of planning our expe-
dition and we were deternmumed nal to et a rassacn for nnassailable lit-
tle truths draw i the horizons and crowd the sky down om us. We knew
that what seemed 1o us ine conld be only relatively troe amvway, There
is o other kind of observation. The man with bus pickled fish has sacri.
ficed a great observation about kunself, the fish, and the focal pomnt,
which is his thought on bath the sierra and himself

Steinbeck, The Log from the Sea of Cortez



“There have been many attempts to bridge the gap between the experts and the laymen. The attempts
have involved books, magazine articles, television programs and general science courses in
schools. But such attempts, although valuable, are at a disadvantage because they lack props;
they require apparatus which people can see and handle and which display phenomena which
people can turn on and off and vary at will. Explaining science and technology without props can
resemble an attempt to tell what it is like to swim without ever letting a person near the water.
There is thus a growing need for an environment in which people can become familiar with the
details of science and technology and begin to gain some understanding by controlling and
watching the behavior of laboratory apparatus and machinery; such a place can arouse their latent
curiosity and can provide at least partial answers.”

- FRANK OPPENHEIMER Curator 11 (3) 1968



rico The LIGO Livingston Observa




LlGO Slightly exaggerated effect of GWs on LIGO detector.
AMNH animation
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| the LIGO SEC building

* Funded through an NSF
cooperative agreement with
Caltech, as part of LIGO SEC
partnership.

* 840 m=2 facility, with 460 m=2 of
exhibit space, a 30-student
classroom, two offices and rest
FOOMS. (9000 sq foot, 5000 sq foot.)

« Connected to pre-existing
building with 150 seat
auditorium, machine shop, and
offices of many of LLO’s staff.

» Just across the street from the
observatory control room.

* Facade incorporates kinetic
sculpture that is a coupled
pendulum science exhibit.



* A new regional Science Education Center with over 40 interactive, hands-on exhibits that are
themed to LIGO science has been established. Since 2005, there have been over 3000 teacher
training days (representing half the parishes in the state) and over 6000 student visitor days.

 SEC acts as a research lab for three ongoing education research projects (visitor studies) under a
formal agreement with Tulane University. Dr. Lisa Szechter, for whom a month of annual summer
salary is requested in this new proposal, and her students, have carried out research there that has
led to two theses (M.S. and honors) and several papers and presentations.

« SEC staff has received extensive Exploratorium training in exhibit-based science content teaching
and learning. They have consequently developed a multi-layered, content-rich library of programs
themed to LIGO science. The programs conform to LA state education standards, and are
appropriate for both school visits and teacher professional development;

* Evaluation has been carried out by Inverness Associates.
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| the LIGO SEC building

* Funded through an NSF
cooperative agreement with
Caltech, as part of LIGO SEC
partnership.

* 840 m= facility, with 460 m2 of
exhibit space, a 30-student
classroom, two offices and rest
FOOMS. (9000 sq foot, 5000 sq foot.)

« Connected to pre-existing
building with 150 seat
auditorium, machine shop, and
offices of many of LLO’s staff.

» Just across the street from the
observatory control room.

* Facade incorporates kinetic
sculpture that is a coupled
pendulum science exhibit.



}Sisit to the LIGO Science Education Center

LIG




Teachers choose programs.

HandS'On LeSSOn Available programs keyed to State science curriculum.







Aiko

Q‘b "' . January 2007-January 2008
School Visits for each Parish

January - May 07
® September 07 - January 08

= ' Wilkinson County MS

Ioie
4 ~

School and teacher PD Visits

5000 students
3000 teacher-
days
hundreds of
public tours

and more to
come!



LIGO Visits, Dec 06 — May ‘07 (during science run!)

©® Students @® Elementary School &
@® Teachers @® Middle School @
@ Public @ High School :

About 28 teach PD ‘events’ last year, of which
|2 were MSP’s, 8 LaGearUP workshops, and
8 organized by various other organizations

Also, REU and RET &
students at LIGO
every Summer.

Black

White

Hispanic
Asian/Pacific Islander
Native American



Informal Learning Research

Lisa Szechter, Tulane

o Attitudes

—Examined whether and how visits to LIGO SEC
Impact students’ attitudes toward science

e Exhibit Interactions

—Measured time spent by school groups and coded
for questions, predictions, explanations,
demonstrations

e Parent-Child Conversations

—Studied unstructured visits to the exhibit hall looking
at individual and exhibit differences



Example Results: Factor Analysis

e Personal Interest In Science

“I would enjoy being a scientist.”

* Views of Science & Scientists
“Scilentists are among the smartest people.”

o Utility of Science

“Thinking like a scientist i1s only useful when
taking a test In science class.”



Results
e Before vs. After LIGO Visit (Time)

—Students were more likely to endorse Personal
Interest In Science items after their visit than
before, M = 4.72 and 4.52, respectively, F (1,553) =

19.40, p = .00

—Students were more likely to endorse Views of
Science and Scientists items after their visit than

before, M = 4.42 and 4.22, respectively, F (1,553) =
18.34, p = .00



Results

e TIme X Grade

—Older students increased their endorsement of
Personal Interest in Science items (M = 4.38 pre
and 4.67 post) to a greater extent than younger
students (M = 4.66 pre and 4.76 post), F (1,553) =

4.00, p = .04.



LIGo Process leading to next phase

« Grants from NSF to Caltech and Southern University, 4/°04—3/°09. Very briefly, these
funds used for:

» LIGO SEC building and its 40 exhibits, plus SUBR Inquiry Laboratory on campus.

» Training of teachers, students and docents, directly by the partners, or facilitated by
Center users from other institutions.

» Educational research, course redesign, etc.

o Initial award letters specified that the partners create overall “Directorate” that would
ensure partner programs would be carried out in a highly collaborative way.

e This led to multi-institution working groups to (among other things) write a set of bylaws
and to plan a next phase of activities.

» Bylaws clarified partnership goals, as well as the rights and obligations of partners,
the membership of the Directorate and an Executive Committee, and a procedure to

add affiliates and member organizations.

» Next Phase committee created consensus plan to further advance our goals.



LIGO Furthering the goals

«” Partnership shared goals:
» Communicate LIGO-related scientific concepts to the public.
Strengthen in-service and pre-service science teaching.
» Reach a broad audience of students in Louisiana and the surrounding region.
Integrate LIGO SEC outreach initiatives in statewide educational and regional public information efforts.

* Next phase activities:

» A Science Education Continuum of Engagement: we want to reach a range of ages, circumstances
and levels of interest to advance Louisiana science literacy and attitudes. In addition to the SEC’s
ongoing programs, we target specific activities:

>

v

>

v

- teacher training: training and development of new program material, tests with repeated visits.
continuation of SUBR & LA GEAR UP training programs.

- student learning: docents, SUBR inquiry laboratory, targeted student programs at the SEC,
- public science literacy: More emphasis on Saturday family programs.
» Research, Evaluation and Dissemination:

- Education and Learning research, using data taken from program participants and special visits,
evaluated by Szechter and colleagues. SUBR Science/Mathematics Education Doctoral program
(SMED) graduate students will be involved in intensive educational research studies of visitors
(these are also a form of evaluation)

- Evaluation via internal data collection/ analysis, plus external evaluation company, Inverness.

- Dissemination: planning to host national meeting to encourage similar partnerships, engagement
through membership in, and communication with, local and national organizations.

» the LIGO SEC facility and staff, funded through a separate LIGO Operations cooperative agreement,
will continue hosting student and teacher groups.



LIGO

Proposed resource flow

NATIONAL SCIENCE
FOUNDATION

LIGO
LABORATORY

Operations

PAC

—————————

————————— -,

(Caltech/MIT)

BATON ROUGE
AREA FOUNDATION

| EXTERNAL |
| EVALUATION !

STEERING
COMMITTEES

—————————

Cooperative agreement (this proposal)

- = = -  (Cooperative agreement for LIGO operations
e P Subaward or subcontract (this proposal)
""" P>  Programmatic support
P>  Advice and study
LIGO SEC Partner
SOUTHERN

LA SIP/ LA GEAR UP

Louisiana Board of
Regents

UNIVERSITY

LIGO
SCIENCE EDUCATION
CENTER

SAN FRANCISCO
EXPLORATORIUM

LIGO SEC PARTNERSHIP

I COMPANY |

Governance by Directorate and bylaws




